Health and nutrition education in Greece has only recently begun to be seriously considered as one of the most promising solutions for health promotion and reduction of morbidity and mortality in the Greek population. The need for comprehensive, longitudinal, health education programmes is increasingly obvious in view of the rising rates of morbidity and mortality in the Greek adult population caused by chronic diseases associated with contemporary lifestyles and nutritional habits which involve lack of significant exercise, unsatisfactory nutritional habits and smoking Voukiklaris et al. 1996; Kafatos & Papoutsakis, 1998) . The major risk factors leading to CHD have their roots in childhood (Wynder et al. 1981) . Epidemiological studies in Greece during the last 30 years have indicated a high prevalence of CHD risk factors and other chronic disease risk factors (such as obesity, hypertension, hypercholesterolaemia, active and passive smoking and low levels of physical activity) in children and adolescents (Kafatos et al. 1981; Fordyce et al. 1983; Aravanis et al. 1988; Manios et al. 1999a) . The main reasons for these negative indices are, apart from a limited awareness of health and dietary issues, poor dietary habits and the sedentary lifestyles of contemporary Greeks (Kafatos & Mamalakis, 1993; Kafatos et al. 1999) .
Despite the high prevalence of risk factors, and the positive results of a few small-scale initiatives (Lionis et al. 1991; Kafatos & Mamalakis, 1993) no national policy exists to date in Greece on health education in schools as a means of combating the expected rising rates of morbidity and mortality from chronic diseases. A health, nutrition and physical exercise education programme was launched in 1992 in Crete by the Department of Social Medicine of the University of Crete. The intervention programme, which had a projected duration of 6 years, was initiated and developed in order to foster healthy dietary and general lifestyle habits in children, with the ultimate aim of promoting health and minimising risk factors for the development of chronic diseases. This programme represents one of the longest running attempts in Greece to obtain adequate epidemiological data and test the effectiveness of a health education intervention applied in primary schools. The design, implementation and preliminary outcomes of the first 3 years of intervention have been published elsewhere (Manios et al. 1998a (Manios et al. , 1999b . In the present paper outcomes relating to health indices over the 6 years of intervention in primary schools are presented.
Subjects and methods
According to the 1991 National Records (GNSC, 1995) , the population of the three main counties of the Island of Crete is homogeneous, consisting of more than 99 % Christian Orthodox Greek citizens sharing the same customs and traditions. At a county level, no differences exist regarding education (the percentages of population having a university degree varies between 5·6 and 6·0 % in the three counties), income (annual income per capita varies between e3664 and e3857 in the three counties) and unemployment (varies between 5·9 and 6·2 % in each county). However, some differences do exist regarding levels of education, socio-economic status and lifestyle between the urban coastal areas, which are more touristic and economically developed and the mountainous, rural areas, which are less economically developed and the main income is from agriculture. The urban population is concentrated in three towns, one in each county, with 45 000 inhabitants in the town of Rethimno (the capital in the county of Rethimno), 73 000 inhabitants in the town of Hania (the capital in the county of Hania) and 152 000 inhabitants in the town of Iraklio (the capital in the county of Iraklio). The rural population is spread on the mountainous areas in small villages with less than 4000 inhabitants each. In all three counties the population is distributed by about 45 % in the rural areas and 55 % in the urban areas making the distribution of the population fairly homogeneous among the three counties. Since no differences exist at a county level, the selection of the intervention and control counties was based on practical issues such as the distance of the selected schools from the university campus where the Preventive Medicine and Nutrition Clinic was based. The same strategy for optimising practical issues has been used in other studies too (Jacobs et al. 1986 ). The present study was therefore not randomised at a county level but rather the study design was such as to maximize the effectiveness of monitoring the implementation of the intervention programme, as in the county of Hania the average distance between the university campus and the selected schools is 160 km.
The health education intervention programme was initiated in September 1992 with the approval of the Greek Ministry of Education. The population of the intervention group (IG) was comprised, in total, of the 4171 children registered in the first grade (age 5·5 -6·5 years) of primary schools throughout the counties of Iraklio and Rethimno in September 1992 while the 1510 children registered in the county of Hania served as the control group (CG). A random sample of twenty-four schools (602 pupils) in the intervention counties of Iraklio and Rethimno were selected in order to assess the effectiveness of the programme. Similarly, sixteen schools (444 pupils) in the county of Hania, having no health and nutrition intervention, were randomly selected for comparative evaluation purposes. Reflecting the geographical distribution of the population, 49·8 % of these pupils came from urban areas and 50·2 % came from rural areas.
Between September and October 1992, before commencement of the educational intervention, a full medical examination took place of all the children in the first grade at the randomly selected schools. An interim evaluation was conducted when the children were in the fourth grade (age 8·5 -9·5 years) (Manios et al. 1999b) while the final examination of these children took place when they were in the sixth grade (age 10·5 -11·5 years) and the 6-year intervention programme had been completed. The final examination was conducted during the period between May and June 1998. Before commencement of the study, each family was informed in writing about the nature of the programme and written consent was obtained for the children in the sampled schools.
During the evaluation periods, a maximum of thirty pupils and their parents were screened each day by a team of trained personnel. The data collected from the children (in both IG and CG) were health knowledge scores, dietary and exercising habits, anthropometric measurements, physical fitness indices and biochemical examinations. A multiple-choice questionnaire with colour illustrations was used to assess pupils' knowledge on health issues at the beginning and at the end of the 6-year intervention period. The questionnaire focused on diet, food products and advertising, physical activity, smoking hazards and accident prevention (Manios et al. 1999b) .
Parents provided feedback during the study in two main ways: (a) by completing coded questionnaires regarding personal characteristics (age, occupation, years of education etc.) and issues related to their own and their children's health habits and knowledge; (b) by completing questionnaires regarding their children's dietary habits and leisure time physical activity and times of inactivity.
Parents completed a questionnaire regarding their children's weekly food frequency consumption of various foods and, in a random sample of 30% of the baseline cohort, by providing a weighed record of all foods consumed by their child over a 3 d period. Parents were given oral and written instructions for correct completion of forms. Implementation of the procedure was closely monitored by dietitians (Manios et al. 1999b) . The dietary data presented in the present paper are from the 3 d weighed food record. The foods were coded and analysed using the University of Crete's computerised 'Greek Diet' food database that is based on the USDA database (USDA, 2001) but has been extensively amended to include chemically analysed Greek foods. Fat analysis, including monounsaturated fatty acids, polyunsaturated fatty acids and saturated fatty acids, was based on the chemical analysis of over 100 Greek foods providing 95 % of the fat in the Greek diet (undertaken during the TRANSFAIR programme, in which the University of Crete participated). Chemical analysis was undertaken by the Wageningen Agricultural University and TNO Voeding in the Netherlands.
Assessment of moderate-to-vigorous physical activity (MVPA) out of school was performed using a standardised activity interview based on a questionnaire completed by the grade six children in the presence of a member of the research team. The same questionnaire was completed by the parents when children were at the first grade. Further details regarding the reliability and validity of the questionnaire are given elsewhere (Manios et al. 1998b Body weight was measured by a digital scale (Seca) with an accuracy of^100 g. Subjects were weighed without shoes, in their underwear. Standing height was measured without shoes to the nearest 5 mm with the use of a commercial stadiometer with the shoulders in relaxed position and arms hanging freely. BMI was calculated by dividing weight (kg) by height squared (m 2 ). Left triceps, biceps, subscapular and supra-iliac skinfold thickness were measured with a Lange skinfold calliper, ensuring that the subject was standing with the upper extremities relaxed at the sides of the body (Manios et al. 1998a (Manios et al. , 1999b .
Early morning venous blood samples were taken from each child for biochemical screening tests, following a 12 h overnight fast. One portion was used for blood analysis of triacylglycerols (TG), total cholesterol (TC) and HDL-cholesterol measurements on the same day of collection. LDL-cholesterol was calculated as follows: LDLcholesterol ¼ TC 2 HDL-cholesterol2 TG/5 (Friedewald et al. 1972) .
The intervention programme used in the present study was based on the health profile component of the 'Know Your Body' school health promotion programme of the American Health Foundation (Williams et al. 1977; Walter & Wynder, 1989) , which was adapted, modified and supplemented to suit our population. Multi-component workbooks covering mainly dietary issues, physical activity and fitness, but also dental health hygiene, drug abuse and accident prevention were produced for grades 1 -6 with each pupil being supplied a workbook per year. Additionally, teaching aids, produced by the researchers, in the form of teaching manuals, audio-taped fairytales, posters and workbooks were provided. The nutrition components of the programme were conducted by the class teacher and incorporated 13 -17 h of classroom material annually. The physical fitness and activity component of the programme had a practical and a theoretical part (4 -6 h of classroom material per year), and both were delivered by physical education (PE) instructors during the two 45 min of PE classes per week. Details regarding the theoretical framework on which the design and implementation of the intervention was based on are presented elsewhere (Manios et al. 1999b) .
The statistical analyses performed were mixed model analyses, based on the changes observed before and after the intervention programme, in the IG and the CG. Changes were estimated in the measured variables in the two groups over the 6-year intervention period, taking account of possible inter-school variation by including the random school effect in the model. Adjustments were made for baseline values, sex, parental education levels, increase in height and initial BMI (in the models for the biochemical, anthropometric and physical activity data). For the nutrient data, the estimated changes were adjusted for baseline values, sex and BMI. SPSS version 7·5 was used in the general linear model (GLM) analyses. Further details with regard to the statistical modelling approach used to assess intervention effects are provided elsewhere (Manios et al. 1999b) . Baseline measurements in pupils completing the health intervention programme were compared with the measurements for those not completing the programme using the non-parametric univariate Mann -Whitney test.
Results
In Table 1 it can be seen that of the 1046 pupils initially in the intervention programme, 831 were available at the final assessment stage. Of the 215 children who did not complete the programme, 164 (76 %) of these were not re-examined because they changed schools during the 6-year period. For the remaining fifty-one children (24 %), the losses-to-follow-up by county were 25 % in Iraklio, 14 % in Rethimno and 23 % in Hania. The pupils included in the estimation of intervention effects were those pupils measured both at baseline and after 6 years who did not change schools during the intervention period (787 pupils). Only those pupils with complete records for each component were included in the multivariable analyses presented in Tables 2-5 . Table 1 shows that the mean values of the main measurements for the 6-year-old pupils followed up to full-term did not differ in the main from those not examined at full-term. There is some evidence that LDL concentrations at baseline were higher for those not completing the programme (mean 3·04 (SD 0·67) v. 2·91 (SD 0·75) mmol/l, P, 0·05) and the baseline serum TG concentrations were lower in those not completing the programme (mean 0·63 (SD 0·28) v. 0·69 (SD 0·30) mmol/l, P, 0·001). When pupils re-examined in 1998 v. those not re-examined were treated separately for IG and CG, no significant differences were found in baseline data between pupils completing the 6-year programme and those not completing the programme in either group (data not shown).
There were notable differences in the extent to which the nutrient intake changed in the two groups, as can be seen in Table 2 . The increase in the average energy intake was higher in the CG (1535 (SE 241) kJ (366·8 (SE 57·5) kcal)) than the IG (748 (SE 277) kJ (178·7 (SE 66·1) kcal)), P, 0·05. It can be seen that the 6-year increases in the average absolute intakes of protein, total fat, saturated fatty acids and monounsaturated fatty acids were again significantly higher in the CG pupils, after adjustment for baseline values and BMI. Food group intake was also assessed using the following classification: dairy, meats, fish, eggs, fats and oils, grains, vegetables, fruits, sweets and sugars. The differences observed for the nutrient intakes appear to be reflected to an extent by the differences observed in the food groups intake, although the latest reached a level of statistical significance only in the case of the grains group (with P¼ 0·003 and 95 % CI for the difference in the change score between IG and CG being 2 130·2 to 2 46·4 g/d). The significant differences observed for the nutrient intakes might be the cumulative outcome of the small changes observed for each one of the single food groups. For example, at baseline and follow up for IG and CG respectively the daily consumption of meat was 70·1 v. 100·5 g and 73·4 v. 108·5 g, the daily consumption of fats added to the food 9·2 v. 8·5 g and 9·6 v. 13·5 g, daily consumption of sugars (sugary snacks and sugar added in milk and fresh fruit juices) was 48·0 v. 22·1 g and 43·8 v. 39·7 g, vegetables 156·3 v. 188·9 g and 148·6 v. 182 g and fruits 112·8 v. 95·9 g and 112·6 v. 118·3 g. The fitness indices and the time spent in MVPA out of school over the intervention period are presented in Table 3 . In the endurance run test a mean increase of 2·5 (SE 0·1) stages in the IG and 1·2 (SE 0·1) stages in the CG was observed (P, 0·0001). Regarding changes in time spent in MVPA, IG pupils displayed a significantly greater increase in time spent in MVPA over the 6-year period, as compared with the CG (adjusted mean increases of 281·3 (SE 22·0) v. 174·5 (SE 25·7) min/week, P, 0·05).
With regard to the anthropometric data (Table 4) , significant differences between IG and CG were found in weight, height, BMI, biceps skinfold and triceps skinfold. Children from the IG were found to have had a significantly higher average gain in height over the 6-year period compared with the CG pupils (adjusted mean gains were 313 (SE 2·6) mm for the IG and 274 (SE 0·26) mm for the controls, P, 0·001). The opposite was noted in weight gain with mean increases of 21·6 (SE 0·37) kg and 22·9 (SE 0·38) kg in the IG and CG respectively. CG pupils had a significantly higher change in mean BMI (adjusted mean gain 4·28 (SE 0·16) v. 3·68 (SE 0·16) kg/m 2 , P, 0·05) and both biceps and triceps skinfold (biceps adjusted mean changes 4·47 (SE 0·24) v. 2·97 (SE 0·24) mm, P, 0·001 and triceps adjusted mean changes 7·90 (SE 0·39) v. 6·46 (SE 0·38) mm, P, 0·05) than IG pupils, when adjusting for the change in height, sex, parental educational group and baseline values. The percentages of children characterised as overweight and obese (using cut-offs provided by Cole et al. 2000) were similar in each group. At baseline, the percentages were 22 % and 7·3 % for the IG and 24 % and 7·7 % for the CG. At follow up, the percentages were 31 % and 7 % for IG and 34 % and 8·4 % the CG respectively. Table 5 presents the changes in serum lipid measurements over the intervention period. Significant differences between the two groups in the changes over the 6-year period were found in the LDL concentrations (P, 0·001), TC:HDL (P, 0·05) and LDL:HDL (P, 0·001); all the indices decreasing to a higher extent in the IG, whilst controlling for possible baseline differences. It was found that for both ratios, there was a decrease, on average, in the IG whilst they increased in the CG over the 6-year period (even following adjustment for baseline values and other covariates). No significant differences in the 6-year changes in concentrations between the two groups were noted for the other serum lipids.
In order to examine the available information regarding the county component of variance, changes were examined for each of the two intervention counties separately. There were very few measurements that differed significantly between the two counties, the only notable difference being the TC levels, which decreased to a significantly higher extent in Iraklio compared with Rethimno (2 0·54 (SE 0·68) v. 2 0·06 (SE 0·57) mmol/l respectively, P, 0·001). 
Discussion
To a certain extent, the positive outcomes of the 6-year intervention programme were in accord with the 3-year interim assessment (Manios et al. 1998a (Manios et al. , 1999b . The significantly better serum lipid and physical activity values in the IG found both at mid-term and final assessment imply that the intervention programme did influence children's behaviour in relation to health issues. Small-scale changes in serum lipid, and even smaller in obesity indices, have been observed in programmes similar to the present one (Walter et al. 1985 (Walter et al. , 1988 Tell & Vellar, 1987; Arbeit et al. 1992) . In the 'Know Your Body' programme, on fourth through to eighth grade pupils, modest changes in TC were observed after 1 (Walter et al. 1985) and 5 years of intervention (Walter et al. 1988) . In the 'Heart Smart Program', on fourth and fifth grade pupils, only a modest increase in the IG HDL values was observed (Arbeit et al. 1992) , while a 4 % reduction in the IG TC was found in the Oslo Youth Study (Tell & Vellar, 1987) on 10-to 14-year-old pupils after 2 years of intervention. Changes in TC and LDL of higher magnitude were observed in the US DISC study among 8-to 10-year-old children with elevated LDL values at baseline. After 3 years of intensive intervention significant changes in favour of the IG were observed for these biochemical indices while no significant changes were observed in obesity indices (The Writing Group for the DISC Collaborative Research Group, 1995). The favourable changes, in biochemical and anthropometric indices, observed for the IG in the present study could be attributed to the dietary and exercising changes achieved from this group over the 6-year period. Although the mid-term examination did not provide evidence of difference between the two groups with respect to their nutrient intakes (Manios et al. 1999b) , the final outcomes showed significant differences for the most of the dietary variables. Similar changes to ours have also been observed in other studies (The Writing Group for the DISC Collaborative Research Group, 1995; Lytle et al. 1996) . The comparatively smaller increase in energy and saturated fat intake in the IG compared with the CG indicates that these changes may have contributed to the positive weight and obesity indices effects. Furthermore, these differences in fat intake between the IG and CG could perhaps be attributed to differences between the two groups regarding the consumption primarily of meat and fats and to a lesser extent other food groups which also contribute to the overall fat intake. Overall these changes seem to be the outcome of the 6 years intervention in which the dietary component primarily focused on the importance of low consumption of meats, fatty snacks and fats in general and use of olive oil in moderation. Traditionally olive oil contributes the vast majority of fats in the Cretan diet Kafatos & Papoutsakis, 1998) . On the other hand, less emphasis was placed through the intervention programme on the increased consumption of fruits and vegetables, which was probably considered for granted as part of the diet. This could be considered a limitation of the present study, possibly responsible for the somewhat less favourable profile of vegetables and fruits consumption in the IG and consequently the less favourable consumption of fibre from the IG.
Regarding leisure time physical activity, the significantly higher increase in time devoted to MVPA by the IG concurs with the findings of the CATCH study . This finding should probably be attributed to out-of-school encouragement, reflecting changes in parental attitudes in the IG. The observed increased time devoted to MVPA by the IG pupils at the end of the intervention period is due to both an increased time devoted to outdoor activities in the neighbourhood but also in organised club activities, primarily team sports. Furthermore, in the present study the pupils in the IG achieved higher improvements in the endurance run test, compared with the controls. This is possibly an outcome of the higher levels of leisure time physical activity and re-organisation of the PE classes to facilitate the needs of the health and nutrition programme (Manios et al. 1998a) . A similar tendency in fitness performance, without reaching a significant level, was observed in the CATCH study .
The positive results of the present study could be attributed to both the high prevalence of chronic disease risk factors and behavioural risk factors at baseline (Manios et al. 1998b (Manios et al. , 1999a . This situation left room for significant improvements and increased the likelihood of positive changes after the intervention's implementation (Lionis et al. 1991) . The baseline data are indicative of the dramatic deviation of the dietary habits of children from the traditional Cretan diet, which have occurred over the last few decades (Voukiklaris et al. 1996; Mamalakis & Kafatos, 1996) . The findings of other health education programmes applied to pupils from low and middle socio-economic backgrounds (Arbeit et al. 1992) , pupils with elevated serum cholesterol (Resnicow et al. 1989 ; The Writing Group for the DISC Collaborative Research Group, 1995), or at least one (Harrell et al. 1999) or two (Harrell et al. 1998 ) cardiovascular disease risk factors, are similar to ours. On the other hand, other intervention programmes reported difficulties in achieving positive changes in similar health indices in this age group (Nader et al. 1989; Luepker et al. 1996; Webber et al. 1996) , something which could partially be attributed to the small variations between subjects in physiological and behavioural variables but also the age-dependent increase reported in the physiological variables (Berenson & Epstein, 1983; Lauer et al. 1988) .
The second parameter possibly contributing to the changes observed in the present study is the high degree of parental participation and the applied school-based intervention scheme. There is ample evidence that family and parental involvement in health education programmes is associated with significant gains in both behavioural and physiological indices (Walter et al. 1985; Bush et al. 1989; Tamir et al. 1990; Resnicow et al. 1992 ; The Writing Group for the DISC Collaborative Research Group, 1995; Perry et al. 1998) . On the other hand, school-based programmes with limited or no parental participation have failed to reach such significant gains (Donnelly et al. 1996; Harrell et al. 1996; Nader et al. 1996; Webber et al. 1996; Smolak et al. 1998) .
A third explanation for the pronounced positive changes observed may been related to the intervention scheme used in the present study, in which the health education programme was combined with PE classes, allowing more intervention hours. In particular the number of school hours devoted annually to intervention exceeded the suggested 40 -50 h cut off for efficient health behaviour changes (Contento et al. 1992) . Unlike CATCH and CHIC (Harrell et al. 1996) , the primary goal of the intervention, although concentrated more on aerobic forms of health-related exercises, was not to gain substantial increases in the time devoted in MVPA during PE classes. Instead the focus of the present study was on children's enjoyment and willingness to participate in the PE classes. For this reason emphasis was placed on total class participation in pleasant, non-competitive forms of exercise (Manios et al. 1998a ). This strategy, combined with parental encouragement to support their children in increasing their physical activity out of school, has been proven most effective in fostering activity independence in children (Manios et al. 1998b) . Consequently, emphasis was given to the time devoted to MVPA outside the school as an indicator of effectiveness of the programme both for the children involved and their parents. Hence, the significant increase in leisure time MVPA in the IG is an indicator of the intervention's effectiveness on parental attitudes and on intrinsic incentives for increased physical activity and fitness.
Finally, among the parameters explaining the magnitude of the changes observed should be included the relatively long duration of intervention and teachers' compliance delivering the programme (Manios et al. 1999b) . Similar to the present study, the relationship between the duration of intervention and the magnitude of the changes observed have clearly been demonstrated in the 'Know Your Body' programme (Walter et al. 1985 (Walter et al. , 1988 .
A shortcoming of the present study was that after the educational seminars, which took place at the start of each academic year, there was some, but not very close, supervision of the educationalists involved. Therefore, the application of the taught component of the intervention programme, regarding health issues, which required the active participation of small groups of pupils in relation to various activities both within and outside the school, depended entirely on the interest of the educationalists. There was no assessment of the knowledge, preparation, interest or teaching ability of the staff involved or the way in which small work groups were organised and how imaginative teachers were in devising innovative and attractive methods which could subsequently influence pupils to make better choices with regard to health issues. In the present study, the intervention was assessed with a kind of 'black box' approach in that although differing levels of all random components were accounted for in the models used (by incorporation of the random school effect), there can be no quantitative estimation of the extent of teacher influence on the subsequent choices made by the pupils. We are trying to overcome this shortcoming in studies currently being undertaken in which we try to examine whether any changes in the behaviour of pupils are related to the motivation and degree of interest of the educationalists involved. The costs of this undertaking, however, both in terms of finance and required time, are high, the study data are limited and the objections of the idea of assessment by many educationalists are a barrier yet to be overcome. Potential threats to the validity of the study may exist although, as far as we know, there were no major factors that may have differed between the intervention and control groups that were not accounted for in the statistical analysis.
Despite the study's shortcomings, its findings underline the importance of such programmes in health promotion and disease prevention and are in line with the findings of other similar studies focusing on developing certain changes in the school environment in order to help pupils develop and maintain lifelong healthy habits (Wechsler et al. 2000) . Combining the health education programme with the PE classes optimises both the physical activity and fitness as well as the nutritional and health-promotion components of the programme, thus allowing more hours of intervention with the least possible time restriction on the remainder of the curriculum. Although the long-term effects of our programme can only be found by tracking this population through to adolescence and finally adulthood, our findings indicate that programmes such as ours are likely to be of substantial importance for future public health.
